©

adelphi

Recycling of textiles in Europe — what’s the status?

Findings from the Study for the German Federal Ministry of Economic
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Our services in the subject area circular economy @

Support policy Advise to decision- Organisation of events,
makers in setting makers from the public conferences, awards &
up frameworks and private sector production /
ﬁ in all stages e dissemination of E
A of innovation / communica_tion ﬁ
development & PR material m
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The study &
state of play




The study

Duration: August - November 2018

Project partners: @ c /&_}
adelphi CRADLE TO CRA_DLE E.V.

Task: Developing a comprehensive study on
recycling management in the textile sector

Focus: Closing fibre loops in the apparel sector

Circular Economy in the Textile Sector

Methodology:
@ Literature research

gIZ

@ 21 interviews with industry experts
C
Circular Textiles Symposium @ C2C TOgSﬁBtEé
Congress, 14th September 2018 CONGRESS
2018 )

@ Discussions with funding specialists
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State of Play @

Since 1980, the production volume of textile fibres has tripled. However, only 1% of
the fibres are circulated in closed loops.
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State of Play @

Since 1980, the production volume of textile fibres has tripled. However, only 1% of
the fibres are circulated in closed loops.

» ®

recycled <1%
feedst_oclt fro_m closed-loop
other industries recycling’

£

2%
losses during
collection and processing

12%
cascaded
recycling?

53

() e
>97% million tonnes
virgin feedstock !

g ANNUAL FIBRE 73%
PLASTIC (63%) PRODUCTION FOR landfilled or
COTTON (26%) CLOTHING T

incinerated

OTHER (11%) ' “

0.5 miillion tonnes
microfibre leakage®

m Ellen MacArthur
Foundation 2017
Recycling of clothing into the same or similar quality applications

1
2 Recycling of clothing into other, lower-value applications such as insulation material, wiping cloths, or mattress stuffing

3 Includes factory offcuts and overstock liquidation

4 Plastic microfibres shed through the washing of all textiles released into the ocean 11

12%
losses in
production®
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Textile recycling at a glance

Raw materials Production process

Fibre " Garment

& Yarn AN production /

spinning &Zg /| Textile
manufactering

.....O
e® Retailer
'y
o 0 o

: Preperation for
m Collgctlon / Recycling (e.g.
D | 60 Sorting Shredding,
ISpOSa ‘ Discoulering

Open -oop Recyclmg MM Separation )

Recycling of
Pre-Consumer--

Biological
nutri (ms

Bio-Degradation
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Textile Recycling i‘# |
Technologies  §




Standard mechanical recycling (Fibre Recycling)

§. Natural fibres (Cotton fabrics)

Mechanical tearing of fibres, unravelling,
grinding, defibrating and cutting

@ Developed process (e.g. SOEX with H&M) § 4

Q Currently less than 0.1% of recycled
amounts textiles is recycled into yarn and

new textiles
e Reduction in use of new fibres

e Substitution of raw material production
(cotton farming)

@ Max 30 % recycled fibres
e Reduction of Fibre quality = Downcycling
@ Ecologically questionable

14



Standard chemical recycling @

@ Synthetic fibres (synthetic polyester as mostly used fibre)

Textile materials are roughly cut up and decomposed into individual monomers
by the addition of various chemicals

- Feedstock to produce monomers of virgin quality
@ Developed process (e.g. Teljin, Parley for the Ocean)
@ Concerning natural fibres neither technologically nor economically mature
9 Recycling without affecting quality
9 Same price as conventional fibres
e In currently developed processes restricted to single-origin articles
e High energy consumption
e High capital investment
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Chemical Recycling: ECO CIRCLE™ FIBERS by Teijin

®

Q In principle, recycling of a mixed-fibre product is feasible but the end-product is
restricted to mono-fibre articles like functional sports shirts from polyester

- most recycled fibres are not made from post-consumer garments but from other
sources of used plastics, such as PET bottles

eeded,
o0 yonder n Cog Pergy

2
i L N Coyy
" %
ﬁ":

Apparel
manufactu
res,

Retail

MEMEER
Apparel

e Aing recyclable pp, difc;s

© Source: Teijin

Majg new pul'j'ﬁtﬂ
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Chemical Recycling: ECO CIRCLE™ FIBERS by Teijin @

@ Recycling of polyester from used-clothing, PET bottles & production waste PET
1. Material is cut and washed

2. Compounding / Solving in ethylene glycol
3. Reaction with methanol

9 Commercially available process @ System does not accept all polyester

. . . . products
Similar quality as oil-based virgin

materials e 10 to 20% more expensive than using

o _ virgin materials
9 Reduction in energy consumption by

84% No closed loop recycling as input is
mostly no textile waste

Chemical Recycling Process ) ( ECO CIRCLE" FIBERS )

: Chemical
Processing Granulation Purification Polymerzation
~ 48 b Y/ i P — © Source: Teijin

Recovered Processed Granules  Polyester raw material Polyester VAT S '0‘" JRCLE
Fiber Products Materials DMT:dimethyl terephthlate Polymer Fnlament Fuber Product
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Fabric recycling of Pre-Consumer-Waste @

@ Natural and synthetic fibres

Re-manufacturing: Pieces of complete fabric mostly from factory offcuts and
leftover materials are re-sewed to create new garment

@ Developed process not requiring advanced technologies

Q Networking of companies in order to coordinate supply and demand of "pre-
consumer-waste"

9 Environmental-friendly
9 20-90% share of recycling content is possible

e Limited application (inconsistent and too-small supply of fabrics)

@ Labour-intensive
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Refibra

@ Lenzing

(e.g. Patagonia)

Long-term goal
Postconsumer waste ‘9

]
Cotton @

value chain

. -

//
<

@ Commercially available

®

-,7@ )
s 5

Y
' TENCEL™ \
! Lyocell fibers with .
v REFIBRA™ =
technology g
ﬁ\ aﬁ
‘gg TENCEL™ Lyocell fibers production
. with REFIBFRA“‘ technology

Qb A

N

Wood

02

. Pre-consumer cotton waste

' (Cutting waste from garment making)

@ Replaces part of wood as raw material used in pulp fibre production

@ Research on increasing recycling content and use of post-consumer waste
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Refibra

@ Lenzing S0 @

Long-term goal

(e . g P atag oni a) Postconsumer waste TENCEL™ \
~ Lyocell fibers with ..
REFIBRA™ =

e &jF technology

TENCEL™ Lyocell ﬁBers production
with REFIB_RA“" technology

A\
\
'.“'”
[<&5

. ,,4;;_"- :
e 4 o>
i Pulp
>

N

W
Cotton @

value chain

% Wood
5 =
a
9 Same quality as raw material from e Up to now just 20% recycling
wood content possible
9 LCA-proofed environmental e Just possible for undyed,
advantages homogenous pre-consumer waste
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re:newcell pulp @

QCotton, viscose & other cellulosic fibres

=g 02

............. ﬁ T s s e )Y \

re:newcell

REJECT © 2019 re:newcell AB

Post-consumer textiles are Chemical solvent
shredded, buttons removed, - Molecular level

- re:newcell pulp

—> packaged into bales
—> fed into the textile
production cycle

discoloured, etc. —> Dissolving pulp
Separation of cellulose fibres —> Viscose fibre

@ Demonstration plant in Sweden producing 7,000 tons per year
@ full sale plants with 30,000 tons planned
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re:newcell pulp

QCotton, viscose & other cellulosic fibres

0

REJECT

© 2019 re:newcell AB

Q Cost-effective environmentally friendly chemicals

9 Low energy consumption (exception: drying)

@ Quality problems with high non-cellulose content

re:newcell

e Broad spectrum of pollutants and dyes in the raw material

e Small scale leads to high costs in initial stage
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Innovative chemical polymer recycling: Worn Again

®

ﬂ.m;\\
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| * |

ijala’y

\\ / \\ - n.l/ 9 :68%
- . LANDFILL

”
—  46%

DOWN-
CYCLING

80%
SUITABLE FOR
OUR PROCESS

QRecycIing of synthetic (polyester)
and natural fibres (cotton)

@ Polyester is not depolymerized to
monomers, but directly recovered

DYE-REMOVAL
DISSOLUTION
PURIFY & RESTORE

CELLULOSE
DISSOLUTION
FILTRATION
CELLULOSE DOPE

© Worn Again Technologies @
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PET PELLETS
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|
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\ /
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=COTTON
o DISPLACEMENT
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Innovative chemical polymer recycling: Worn Again

© Worn Again Technologies @

WA CIRCULAR
PET PELLETS

@ Small scale

Establishment of Recycling plants
(Upscaling) planned

9 Broad range of inputs
- Pure as well as blended
materials can be used

9 20% of impurities can be filtered
out

e Polyester of same quality as
virgin equivalent

e High energy consumption
e Higher costs than virgin materials

DYE-REMOVAL
DISSOLUTION
PURIFY & RESTORE

CELLULOSE
DISSOLUTION

FILTRATION
CELLULOSE DOPE

WA CIRCULAR
CELLULOSIC
PULP

@ o

®

MELT & 5PIN
TO FIBRE

SPIN TO FIERE

=COTTON

DISPLACEMENT
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Innovative chemical polymer recycling: Evrnu Regenerative Fiber @

J. Natural fibres (cotton fabrics) @ Pulping and breaking down cotton to

fibre molecules
@ Prototype status
@ Removement of dyes / contaminates

a High quality

fiores
e 98% less water
than virgin
cotton
e High energy
. STEP | STEP 2 STEP 3 STEP 4 STEP 5
Consumpt|0n we take a it gets shredded it is then broken the broken and they emerge
. 20-year-old down to its down particles  as a renewablé
e ngher costs t-shirt that lowest molecular  are extruded fiber ready to
than Virgin has been particle size through our become a

materials recycled machine garment again

© Evrnu 25



Relooping Fashion Initiative, Infinited Fiber

Q Natural fibres (cotton rich textile waste and other biomaterials, like wood)
@ VTT Technical Research Center of Finland, Infinited Fiber Company

Unigue cotton dissolving technology
1. Activation

2. Carbamate cellulose dissolution technique
3. Fractioning

Q Currently test-base on industrial scale, development towards industrial

production
1. Used clothes are collected from return
6. Consumers can 2. Material is sorted and
send back old clothes cotton pre-prosessed
using recyclable
packaging
—
— E=
5. illothmgdmt?lllet:s ﬁ 3. Cotton is dissolved using our
produce and sell the unique technolo,
— clothes —— & o

4. Solution is spun into fibres
to be made into cloth

© Relooping Fashion Initiative
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Relooping Fashion Initiative, Infinited Fiber

Q Natural fibres (cotton rich textile waste and other biomaterials, like wood)

@ VTT Technical Research Center of Finland, Infinited Fiber Company

a No downgrading of fibres
9 Environmental-friendly

e Requires raw material in large guantities

e Reliability is an issue

6. Consumers can
send back old clothes
using recyclable
packaging

1. Used clothes are collected from return

2. Material is sorted and
cotton pre-prosessed

-
_— 2=
5. illothmgdrEtalllIEf:S f—:’: 3. Cotton is dissolved using our
produce and sell the unique technolo
— clothes == q ol

4. Solution is spun into fibres
to be made into cloth

© Relooping Fashion Initiative
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Innovative hydro-thermal (chemical) recycling @

Q Polyester and Cotton

00 ©0C O 9O

Hong Kong Research Institute of Textiles and Apparel (Partner: H&M)

Hydrothermal process with heat, water and less than 5% biodegradable green
chemical

Pre-industrial size facility opened in N
September 2018 in Hong Kong ma«ﬁ“ 2

Recycling of cotton and polyester blends "E‘-'-“_*“ Bl g

. —

Self separation without the need of prior
high-quality sorting

High energy consumption

No direct textile-to-textile recycling for
cotton
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Sorting Technologies

« Automatic sorting

« Near-infrared spectroscopy (NIRS)

« Visual spectroscopy

- ldentification using RFID or bar codes

« Detection of cotton, wool, viscose, polyester, acrylic and nylon garments
« Separation of identified garments by compressed air

« Provides sorted, homogenous input for further recycling processes as a basis for further
recycling steps
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SIPTex (Swedish Innovation Platform for Textile sorting) @

o 1
& 2

e ) VL Swedish
Environmental Research
Institute

. @ Vinnova (+partners, e.g.
Boer Group)

NIR- spectroscopy & VIS
technology

© Anette Andersson/IVL
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FIBERSORT @

@ Circle Economy (with collectors, sorters, recycling experts)

@ NIR- spectroscopy

@ Precondition: at least 60 % of the detected fibre must be present in the mixture.

© Valvan Baling Systems

32



Barriers,
Challanges
& Solutions




Financial barriers

WornAgain
@
© SOEX 2017 S
Renewcell
Ambercycle Jeplan
@ Tean @ ORI
@ Resyntex ®
Swerea IVF @ H
SYSTEM READY
Kyoto University ® SXSTEM :’T:W" ot
e — —
PILOT SYSTEM design
PROTOTYPE g MONSTRATED
SYSTEM
LABORATORY VERIFIED
TESTING
LABORATORY of integrated
CRITICAL blaiie o
of prototype
FUNCTION camponent or
APPLIED Proof of concept process
aasic :ES:AI:CH estoblished
echnology 1 1

S ool « Scale of funding is large for early stage research (before
are observed formulated :

and reported reaChIng revenue)

« Many technologies are technologically mature, but
scaling up to market maturity is necessary

* Funding is not available for taking the step to
commercialization
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Barriers & Challenges @

« Fiber length decisive for application (downcycling, low price segment)

« Mechanical recycling not suitable for closing loops - due to shortened

fibres only "downcycling" possible

 Problem “Fast-Fashion”

- Cheap synthetic fibres and blends have become the dominant
components in the products of the fashion industry

—>Lower Quality decreases recycling and Re-use potential

« Costs of collection and sorting are not covered by marketing revenues
(marketing revenues from second-hand articles subsidise the fraction no
longer wearable)
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Barriers & Challenges @

« Higher added value requires material purity, but there are
almost only fibre blends left

- Limited purity of input fibers and energy costs turns out to be H
decisive for the higher price of recycled materials AL\ N\

« Lack of consumer awareness and education about circularity in
textile schools (design)

« Limited exchange of information, low market penetration of
Innovative start-ups and path dependencies for incumbents in a
highly competitive market environment

« Externalisation of costs, underdeveloped infrastructure for
separate collection and recycling, textile exports and lack of
financing

36



Strategies for

Suppliers have
minimum orders
SME challenge

Low availability of
recycled materials of
certain fibre types

Engaging in recycled
content can be
expensive

use of recycled materials

Communication gap
between actors in
value chain

Hard to find quality
recycled content
yarns/fabrics

Lack of transparency
and traceability in
supply chain

Many used
garments not
recyclyble

Lack of mature
chemical recycling
processes

Lack of
automated
sorting technology

Strategies:

1. Good supply chain
communication

2. Creating own
supply chain

3. Using transparency/
traceability standards

4. Strong consumer
communication

5. Use/start with
available materials

6. Commitment at
leadership level

Source: Norden 2017
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Solutions & Best Practices

« Constant material inflow/supply
through organised textile collection [ e
must be guaranteed (e.g. through .

manufacturer responsibility/EPR)

Contributions

\ 4

« Adequate Agreemen;
framework SORTING :indausct_rial soc'tlnrgt Eco TLC R&D
conditions, INDUSTRIAL hancing suppo PROJECT HOLDERS

awareness it

campaigns ]

financing support %
o
s

Incentive systems
and research and
development for

recycling COLLECTION s
mgnqgemgnt g agolection COMMUNITIES
principles in the

textile sector

RESYNTEX ElSAP
s

european clothing action plan

shion!
#WCONSCIOUS
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Nearshoring & automation as enablers for a circular textile value chain @

Enabled by nearshoring

- Enabled by automation

Circular (zero-waste) design process
Indirectly enabled by a more

Production closely integrated chain
of renewable
& sustainable
fibers

Co-located

Improved recycling collection & ,- :
business case by recycling \1\7 ) —— New, nearshored fabric
eliminating shipping of textiles industries could invest

in resource-efficient,
sustainable technology

resource-
efficient fabric

production
On-demand

distribution &

: Automated finishing
retail sales

significantly reduces
use of energy,
water, and chemicals

Potential to minimize waste

by reducing unsold items — Automated

production of
high-quality, customized

Could increase the

value of (fast) fashion
items for consumers

and pro-long garment life

garments

Source: McKinsey & Company, Is apparel manufacturing coming home?; Andersson et al. 2018 39



Conclusion @

« Sorting technologies promising — however, separation only occurs by
garment, not by fiber fractions

« Recycling of production waste (pre-consumer) promising due to purity
of variety, no chemical additives or dyestuffs

« Facilitate the
« creation of networks
« trading platforms
« and business models
for manufacturing textile waste among production facilities in close
spatial proximity

« Provide financial and technical assistance for upscaling of innovative
design/recycling technologies for textile fibres

—> Collaboration across multiple actors and a holistic approach will be key
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